depletion. Because the hematofluorometer directly measures zinc protoporphyrin in whole blood, it may therefore be a useful screening instrument for detecting iron def iciency. We evaluated its performance with normal to slightly above-normal zinc protoporphyrin concentrations (0.2 to 2.0 mg/L) in erythrocytes, because this is a critical range for differentiating normal and iron-deficient individuals. There was excellent correlation (r2 = 0.900) between erythrocyte protoporphyrin as measured by an extraction procedure and as measured directly with the hematofluorometer. However, at these concentrations, plasma caused hematofluorometer readings to be spuriously high, by 2.4 to 89.4%, an effect due to the instrument's optical design. The effect can be eliminated by washing the cells free of plasma or by allowing erythrocytes to displace plasma by settling to the illuminated surface before the measurement. The interference does not affect the hematofluorometer's sensitivity, but abnormal results obtained for whole blood should be confirmed with more-specific tests, and interlaboratory precision may be influenced if whole-blood samples are used. A 1-mm delay from sample placement to measurement decreased zinc protoporphyrin values by 2.6 to 36.9%. We also describe the use of cryopreserved control erythrocytes, for which the CV is 2.3% for a concentration of 0.96 mg per liter of erythrocytes, which are not affected by time of measurement, and which are stable for three months. "free" protoporphyrin is measured. A recently developed instrument, the hematofluorometer, has a unique optical design termed "front-surface illumination" that allows direct quantitation of the erythrocyte ZPP/hemoglobin ratio from a small sample of whole blood (4) . Because of its speed, simplicity, and reliability, the hematofluorometer is widely and routinely used to screen populations who are at risk for lead poisoning. Previous studies (4, 10, 11) have demonstrated the hematofluorometer's excellent accuracy, precision, and linearity, although these evaluations included relatively wide ZPP ranges, with little attention given to the "borderline" increases commonly seen in iron deficiency.
Department of Clinical
The purpose of this study was to evaluate the performance of the hematofluorometer at normal to mildly increased ZPP concentrations, with a view to its use in screening for iron deficiency.
In addition, we describe certain properties of front-surface illumination that directly influence ZPP measurement and interpretation.
Materials and Methods
Blood samples were collected into 7-mL evacuated bloodcollection tubes containing 10.5 mg of EDTA. Samples were taken from ostensibly normal healthy volunteers and from hospitalized patients. No sample tested contained more than 20 tmol of total serum bilirubin per liter. All samples were stored at 4 #{176}C in the dark and tested within five days of collection. Controls were made by first washing the cells twice with isotonic saline, then resuspending the packed cells in an equal volume of citrate-buffered water/glycerol (60/40 by vol) (12). Control cells were stored at -20 #{176}C and were resuspended by mixing at room temperature for 1 h before being assayed in the hematofluorometer.
Zinc protoporphyrin was measured with a hematofluorometer (Aviv Associates, Lakewood, NJ 08107), the design of which is detailed elsewhere (4) . Briefly, it measures the ZPP/hemoglobin ratio as a function of the amount of light emitted by ZPP fluorescing at 594 nm vs the amount of excitation light absorbed by hemoglobin at 420 nm. The instrument is calibrated to measure the ZPP concentration in micrograms per deciliter of erythrocytes.
Free erythrocyte protoporphyrin was measured by a modification of the method described by Piomelli (3) . Briefly, 0.1 mL of well-mixed whole blood was added to 2 mL of a 4:1 (by vol) mixture of ethyl acetate:acetic acidplus0.1mL of a 50 g/L suspension of Celite in isotonic saline. This combination was vortex-mixed, then centrifuged at high speed for 10 mm. The supernate was back-extracted into 2 mL of dilute (2 mol/L) HCI. The HCI lower layer was used to assay for free erythrocyte protoporphyrin in an Aminco-Bowman SPF 125 filter fluorometer (American Instrument Co., Silver Spring, MD .25
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Sedimentation rate (mm/h) We prepared a protoporphyrin standard by hydrolyzing about 1 mg of protoporphyri#{241} IX dimethyl ester (Sigma Chemical Co., St. Louis, MO 63178) in 10 mL of 6 mol/L HCI for three days at room temperature in the dark. The standard was then diluted fourfold with distilled water and the concentration determined with a Model 118 spectrophotometer (Varian Instruments, Palo Alto, CA, 94303) as previously described (3) .
The standard was diluted with 2 mol/L HCI to give concentrations of 0.2, 0.5, 1.0, and 2.0 mg/L. Analytical recovery of the standard added to whole-blood samples was 84 to 96% after extraction.
Erythrocyte sedimentation rates were measured by a standard method in 110 X 3 mm Wintrobe he- 
Results

Effect of time on ZPP measurement.
Erythrocyte protoporphyrin (EP) as measured by a double extraction procedure Six to 10 mm after the initial hematofluorometer measurement, no further such decrease was noted. This effect was independent of sample size (0.05 to 0.20 mL) or number of measurements (up to 20 readings per sample). However, if small volumes (50 L) of blood were tested, the sample tended to dry out before reaching equilibrium (i.e., steady state). Even so, the correlation (Table 1 ) between ZPP and EP was excellent (r = 0.9419 to 0.9487). Separate linear regressions performed between EP and ZPP measured at various times demonstrated the presence of a constant error. Marked changes in the intercept without subsequent change in the correlation coefficient or slope reflects the uniformity of this effect of time on all samples. The slope of 1.14 to 1.20 represents a proportional error ascribable to the differences in the relative molecular masses of ZPP and EP (13 ZPP was measured at time 0 and at equilibrium in 125 samples with hematocrits ranging from 16.5 to 55%. The hematocrit of each sample was compared to the percentage change in ZPP values. An analysis was performed separately on two subsets of this group. Sixty-six samples had a hematocrit of 35% or less (mean, 29.1%) with a mean change in ZPP of 29.3%; 59 samples had a hematocrit exceeding 35% (mean, 40.8%) with a mean change in ZPP of 27.3%. A significant relationship was seen in the low-hematocrit group (r = 0.555, p <0.001) that was not observed in the case of the normal-hematocrit group (r = 0.023, p > 0.1). In addition, five samples were diluted with autologous plasma to various hematocrits. ZPP values measured between time 0 and equilibrium are shown in Table 2 as a function of the sample's hematocrit.
Low hematocrits markedly influenced the initial ZPP reading. At equilibrium, the ZPP reading was independent of the sample's hematocrit.
Precision.
Two pools of glycerolized, cryopreserved erythrocytes were used to evaluate the hematofluorometer's day-to-day precision. For the normal pool the CV was 4.5% for a sample with 0.486 mg of ZPP per liter of erythrocytes. The "high" control had a CV of 2.5% for a 0.956 mg/L sample. These results represent hematofluorometer measurements made during three months. Too few extractions were performed to warrant our reporting precision data, although control values by the two methods agreed to within 10%.
Discussion
The excellent correlation we found between erythrocyte protoporphyrin concentrations as measured by an extraction procedure and directly with a hematofluorometer agrees with other evaluations in which the correlation was testedat predominantly higher protoporphyrin concentrations (4, ii). he found the latter to be more precise, and he concluded that although within-laboratory precision was adequate, between-laboratory precision should be improved.
Nevertheless
The interlaboratory precision of hematofluorometers will be improved by standardizing the time of sample readings or by using washed control cells or the equivalent (glycerolized cells) instead of whole blood. As described above, cryopreserved glycerolized erythrocytes are stable for at least three months and the within-laboratory precision (CV) obtained with their use was 2.5% for a protoporphyrin concentration of 0.956 mg/L of erythrocytes, and was not affected by plasma interference.
